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$\ddot{x}+2\zeta\dot{x}+\beta x=\eta\cos(\omega t)$ ; $x<\gamma$ (1a)
$\dot{x}(t^{+})=-r\dot{x}(t^{-})$ ; $x=\gamma$ (1b)
, ,
.
$\ddot{x}+2\zeta i+\beta x=\eta\cos(\omega t)$ ; $|$ x$|<\gamma$ (2a)
$\dot{x}(t")=-ri(t^{-})$ ; $|$x $|=\gamma$ (2b)
, 2 .









1: Physical model of one side impact oscillator
2: Physical model of preloaded system
, ,
“ ” [3] , 0 “
” [7] . , $t_{1},$ $\ldots,$ $t_{m-1}$
$x_{t_{0}^{-},t_{\overline{m}}}(t)$ .
2.2
, $t_{i}^{-}(i\in Z)$ $t_{i+1}^{-}$
, [1].
$oe_{t.,t_{i+1}}^{j}.(t)=\ovalbox{\tt\small REJECT}_{j}(t-t_{i};x(t_{i}^{+}))-\lambda_{jj}3\mathrm{t}$(t-ti)(5)
$x(t)\equiv[x(t), i(t)]^{t}$ , $[]$ t , $x(t_{0}^{-})$
.
$\ovalbox{\tt\small REJECT}$ (t; $x(t\mathrm{o})$ ) $\equiv J(t-t\mathrm{o})\{x(t\mathrm{o})-\ovalbox{\tt\small REJECT}(t\mathrm{o})\}+\ovalbox{\tt\small REJECT}(t)$ (6)
44
1: State transfer functions $\epsilon r$ (t)and $\ovalbox{\tt\small REJECT}(t)$ $\Omega^{\pm}=\sqrt{\pm(\beta-\zeta^{2})}$
parameters $F(t)$ $\ovalbox{\tt\small REJECT}(t)$
$\beta>\zeta^{2}\geq 0$ $e^{-\zeta t}$ ($\cos\Omega^{+}t$ $+ \frac{\zeta}{\Omega+}\mathrm{s}-$ i $\mathrm{n}\Omega^{+}t$) $e^{-\zeta}$t $\frac{1}{\Omega\dagger}\mathrm{s}$ i $\mathrm{n}\Omega$1t
$\beta<\zeta^{2}$ , $\beta\neq 0$ $e^{-\zeta}$t($\cosh\Omega^{-}t--+$ i $\sinh\Omega^{-}t$) $e^{-\zeta}$t $\frac{1}{\Omega^{-}}\mathrm{s}$inh $\Omega^{-}t$
$\beta=\zeta^{2}\neq 0$ $e^{-\zeta t}\underline{(}\underline{1+}\zeta t)--$ $e^{-\zeta}$tt






$F(t)\equiv\{\begin{array}{ll}*\Psi(t) \ovalbox{\tt\small REJECT}(t)\epsilon\dot{?}(t) \dot{ff}(t)\end{array}\},$ $\ovalbox{\tt\small REJECT}(t)\equiv\{\begin{array}{l}\mathscr{S}(t)\dot{\ovalbox{\tt\small REJECT}}(t)\end{array}\}(7)$
, $\mathcal{J}$ (t)
$\beta-\zeta$ 1 , $\mathscr{S}(t)$ .
$\ovalbox{\tt\small REJECT}(t)=\frac{\eta}{\sqrt{(\beta-\omega^{2})^{2}+(2\zeta\omega)^{2}}}\cos(\omega t+\tan\frac{-2\zeta\omega}{\beta-\omega^{2}}$ ) $(8)$
parameters $f(t)$
$—-\beta\neq 0$ $\frac{1}{\beta}$ { $1–$ y(t)}
$\text{ }2$ Unit indicial response function $\chi(t)$
$\beta=0,$ $\zeta\neq 0$ $\frac{1}{2\zeta}$ {t-\sim (t)}
$\beta=\zeta=0$ $\frac{t^{2}}{2}$
, $\chi(t)$ ,






$x(t_{i}^{+})$ $t\dot{.}\leq t\leq t_{i+1}$ ffl.

















$i+2\zeta i+\beta x=\eta\cos\omega$t-f(x(t/), $i$(t))(9)
, $\tilde{f}$ , $\sum_{t\in \mathrm{Q}}‘(1+r)i(t_{i}^{-})\delta(t-$








$u(t)$ , $\gamma,\overline{\gamma}$ ( $\overline{Y}$
3.3.2 ).
$Y=\{\begin{array}{ll}0 00 -(1+r)\end{array}\},\overline{Y}=\{\begin{array}{lll}0 0 0 1+ r\end{array}\}$ (11)






. , “ ”
. fl.F’ (stationary solution) ,
,
“ ”
. “ $’-\not\in$” . , ,
, .




, (10) $t_{0}$ $t_{-n}$ , $m,$ $narrow+\infty$
1 $\beta>\zeta^{2}$
$\mathrm{h}.\mathrm{m}\lim_{tarrow+\infty narrow+\infty}\ovalbox{\tt\small REJECT}(t-t_{-n};oe(t_{-n}^{-}))=$\sim (t)(13)
$\ovalbox{\tt\small REJECT}(t)$ .
, (13) . (13)
$narrow-\infty$ ,
, ,
$x(t_{-\infty}^{-})$ . , ,
(13) . , ( $X(t)\equiv$ [ $X(t),\dot{\ovalbox{\tt\small REJECT}}($t)]t
) .
$X(t)=\sim(t)$ $+ \sum_{i=-\infty}^{+\infty}u(t-t_{i})F(t-t_{i})YX(t_{i}^{-})$ (14)
, .
$X(t_{-\infty}^{-})=\sim(t-\infty)$ $(15)$
, . $x$ (l) $x(t_{i-1})\text{ }1$
, $t_{i}\leq t\leq t_{i+1}$ ,






















$X(t)= \ovalbox{\tt\small REJECT}(t)-\sigma_{0}\sum_{i=-\infty}^{+\infty}(-1)^{i}\{\chi[t\dot{.},u_{+1}.](t)-2u(t-t_{i})\mathcal{J}(t-t_{i})\}$ (17)




. , (14) ,













. , . $m,$ $n$ ,
$T(=2\pi n/\omega)$ $(x=\gamma)$ $m$ $\chi_{m}^{n}$ (t) .
,
$t_{0}+kT,t_{1}+kT,$ . . . , $t_{m-1}+kT$ $(k\in Z)$ (18)
. , $X_{m}^{n}$ (t) (14)
, $\beta\neq 0$
$[6, 7]$ .
(19)$\sum_{k=-\infty}^{+\infty}u(t-kT)F(t-kT)=\sim$ $($t-T $[ \frac{t}{T}\rfloor)$
, $\lfloor x\rfloor$ $x$ , 2(t) $p$
.
$\mathit{2}(t)\equiv\frac{\mathcal{J}(t)-e^{-2\zeta T}*?(t-T)}{p}$ (20)
$p\equiv 1-\{F(T)+t\dot{\ovalbox{\tt\small REJECT}}(T)\}+e^{-2\zeta}T\neq 0$ $(\beta\neq 0)$ (21)
(19) (14) ,
[6].
(22)$\chi_{m}^{n}(t)=\sim(t)$ $+ \sum_{i=0}^{m-1}\mathit{2}(t-ti-T$ $[ \frac{t-t_{i}}{T}\rfloor)$ \sim !(t$i-$ )
(22) , $\ovalbox{\tt\small REJECT}(t)$
$m$ . (22)
$\dot{\mathit{2}}_{\sim_{m}}^{\sim}n(t_{i}^{-})(0\leq i\leq m-1)$ $\mathrm{n}$
, $m$ $t_{0},$ $\ldots,t_{m-1}$
[7].
$\chi_{m}^{n}(t)=\Psi*(t)+\sum_{k=0}^{m-1}B(t-t_{k}-T\lfloor\frac{t-t_{k}}{T}\rfloor$ ) $Y$







(“ ” ) , $t_{0}^{-}$ $(t\geq t\mathrm{o})$
( ) $t_{0}^{-}$ $(t<t_{0})$ ( )
, .
$x(t;x(t_{0}^{-}))=\ovalbox{\tt\small REJECT}$(t-t0; $x(t_{0}^{-})$ )
$+ \sum_{i=-\infty}^{-1}\overline{u}$(-(t-tO)37(t-t$i)$ )$-x(ti-)+ \sum_{i=0}^{\dagger\infty}u(t-t_{i})F(t-t_{i})\gamma x(t_{i}^{-})$ (24)
, $\overline{u}(-t)\equiv 1-u(t)$ .
(24) .
$x(t;x(t_{0}^{-}))=$ ?(t-t0; $x(t_{0}^{-})$ )
$+$ $\sum_{i=-\infty}^{-1}F(t-t_{i})\overline{Y}oe(t_{i}^{-})+\sum_{i=-\infty}^{+\infty}u(t-t_{i}f)^{f}(t-t_{i})\swarrow x(t_{i}^{-})$ (25)
$\chi_{m}^{n}$ (t) $t_{m}$ $=t0+T,$ $\chi_{m}^{n}(t_{m}^{-})=\chi_{m}^{n}(t_{0}^{-})$ ,
, (26) .
$[J- \mathit{9}(T)][\chi_{m}^{n}(t_{0}^{-})-\ovalbox{\tt\small REJECT}(t_{0})]=\sum_{i=0}^{m-1}$ff$(t_{0}-t_{i}+T)YI_{m}^{n}Q_{i}^{-})$ (26)
$\beta\neq 0$ J-ff(T) , (26) $X_{m}^{n}(t_{0}^{-})-\ovalbox{\tt\small REJECT}(t_{0})$
, .
$\chi_{m}^{n}(t_{0})=$ \sim (to) $+ \sum_{i=0}^{m-1}$ \sim (t0-t$i+T$) $Y!_{m}^{n}(t_{i}^{-})$ (27)
(27) (24) ,
.
$\mathcal{J}(t-t_{0})\{X_{m}^{n}(t_{0}^{-})-\ovalbox{\tt\small REJECT}(t\mathrm{o})\}=\sum_{\dot{f}=0}^{m-1}B$ (t-ti+t) $\ovalbox{\tt\small REJECT}^{\ovalbox{\tt\small REJECT}_{\ovalbox{\tt\small REJECT}}}\mathrm{y}\ovalbox{\tt\small REJECT}(t-)$ (28)
, (25) 2 ( ) , $X_{m}^{n}$ (t)
.
$\sum_{k=-\infty}^{-1}\sum_{i=0}^{m-1}F(t-t_{i}-kT))$ \sim \sim (ti ) $= \sum_{i=0}^{m-1}B$(t-t$i+T$) $” \mathrm{I}$ $mn(t_{i}^{-})$ (29)
50




$= \sum_{i\triangleleft-}^{m-1}\mathrm{P}$ ($t-t_{i}-T \lfloor\frac{t-t_{i}}{T}\rfloor$ ) $Y$\sim t$i-$ )
(30)







$+ \sum+\infty u(t-t_{i})F(t-t_{i})^{\gamma\chi_{m}^{n}}(t_{i}^{-})$ (31)
$i=-\infty$
( 1 ) ( 2 ) .
, to
, (31) 1
. $\chi_{m}^{n}$ (t) , $t_{0}$
. $t_{-1}$
( (31) 1 ) , –
(31) to .
, (28) (29) , ,
$t_{-1}$ to ,
.
$\mathrm{r}(t-t\mathrm{o})\{’ nm(t_{0}^{-})-\ovalbox{\tt\small REJECT}(t\mathrm{o})\}=\sum_{k=-\infty}^{-1}\sum_{i=0}^{m-1}F$(t-t$i-kT$) $\gamma \mathrm{y}_{m}^{n}(t_{i}^{-})$ (32)
51
, ,
(27) . , (32)
,r to
$t_{0}$ , .
ff(t-to){J;(t0-)-\sim (t0)} $= \sum_{k=0}^{+\infty m}\sum_{i=0}^{-1}F(t-t_{i}-kT)$ $\ovalbox{\tt\small REJECT}^{\ovalbox{\tt\small REJECT}}\chi\ovalbox{\tt\small REJECT}\ovalbox{\tt\small REJECT}(t\ovalbox{\tt\small REJECT})$ (33)
, (32),(33) , ,
. ,
.
$m-1 \sum\sum+\infty ff(t-t_{i}-kT)Y\ovalbox{\tt\small REJECT}_{m}^{- n}(t_{i}^{-})=0$ (34)
$i=0$ k=-
, ,
0 . (“ ” ) $\mathrm{I}\mathrm{J}$ $t$
, . ,
. , (14) $t_{j}^{-}$
.
$X_{m}^{n}(t_{\infty})\equiv_{g}.arrow.+\infty \mathrm{h}\mathrm{m}\chi_{m}^{n}(t_{j}^{-})$
$= \lim_{jarrow+\infty}[\ovalbox{\tt\small REJECT}(t_{j})+\sum_{i=-\infty}^{j-1}$ff$(t_{j} -ti)$y $\mathrm{y}_{m}^{n}(t_{i}^{-})]=\ovalbox{\tt\small REJECT}(t_{\infty})$ (35)
(35) , (34) . ,
, (14)
$X(t)= \ovalbox{\tt\small REJECT}(t)+\sum_{i=-\infty}^{+\infty}\overline{u}(-(t-t_{i}))\mathcal{J}(t-t_{i})\overline{Y}X(t_{i}^{-})$ (36)
, .
$\chi_{m}^{n}(t_{-\infty})\equiv_{g}$. $\lim_{arrow-\infty}\chi_{m}^{n}(t_{j}^{-})$













, (29) . ,












. , Ces\‘a$\mathrm{r}$o Dirichlet
$\zeta\neq 0$ , $m=2$
.
$\ovalbox{\tt\small REJECT}_{2}^{-_{n}}(t)=\mathscr{S}(t)-\frac{1+r}{2\zeta}\{\sum_{k=-\infty}^{+\infty}\sum_{i-\triangleleft}^{1}(-1)^{i}$u(t-t$i-kT$)
- $\sum_{k=-\infty}^{+\infty}\sum_{\dot{\iota}=0}^{1}(-1)^{i}u(t-t_{i}-kT)e^{-23(8:-kT)\}\dot{\ovalbox{\tt\small REJECT}}_{2}^{-n}(t_{0}^{-})}$ (38)
$t_{1}-t\mathit{0}=T/2$ . $\{\}$ 2
, $i$ $k$ , $k$
, (38) $\{$ $\}$ 1
k} , $k$ , $i$







$-1+1-1$ $+1 1$ $+1 dot.$ . (40)
. Ces\‘a $\mathrm{r}$o $[8, 9]$ , T
. 1
$S_{2n-1}^{(0)}=-1\}$ $S_{2n}^{(0)}=0$ $(n\geq 1)$ , $S_{2n-1}^{(1)}=-n,$ $S_{2n}^{(1)}=-n$ $(n\geq 1)$ (41)
, $(\begin{array}{l}ab\end{array})$
$C_{2n-1}^{(1)}=\underline{S}$$2n-1(1)=- \frac{n}{2n}=-\frac{1}{2}$ ( $narrow+$op) (42a)
$C_{2n}^{(1)}=-(2n +11)S_{2n}^{(1)}$
$=- \frac{n}{2n+1}arrow-\frac{1}{2}$ ( $narrow+$-oo) (42b)
. (40)
$-1+1 1$ $+1-1$ $+1 dot.$ . $=- \frac{1}{2}$ (C.1)(43)
. , (C.1) Ces\‘a $\mathrm{r}$o 1
. (43) , .
$\ovalbox{\tt\small REJECT}_{2}^{-_{n}}(t)=\sim(t)$ $-(1+r)$ $\sum_{i=0}^{1}(-1\sim l$ ($t-t_{i}-T \lfloor\frac{t-t_{i}}{T}\rfloor$ ) $\frac{1+e^{-\zeta T}}{1-re^{-\zeta T}}\dot{\mathscr{S}}(t_{0})$
(44a)
$g(t) \equiv-\frac{1}{2\zeta}(\frac{t}{T}+\frac{e^{-2\zeta t}}{1-e^{-2\zeta T}}$) (44b)
$t_{0}$ , (44)
.




, (C.2) 2 Ces\‘a $\mathrm{r}$o . ,
$\mathscr{G}(t)\equiv\frac{1}{2}t$ $(1- \frac{t}{T}$) $(46)$
(44a)
.
, Riemann $\zeta$ Dirichlet
. $\zeta(s)$
$\tilde{\zeta}(s)=\sum_{n=1}^{+\infty}\frac{(-1)^{n-1}}{n^{s}}$ (47)
, Riemann $\zeta$ [10].
$\tilde{\zeta}(s)=(1-2^{1-s})\zeta(s)$ (48)
$\zeta\neq 0$ (40) ,
Dirichlet
$-1+1-1$ $+1-1$ $+1-\cdot.$ . $=-((0)$ $= \zeta(0)=-\frac{1}{2}$ (49)
, Ces\‘a $\mathrm{r}$o (43) . , $\zeta=0$
(45) , (49)
$1-2+3-4+\cdots=\tilde{\zeta}(-1)=-$3((-1) $= \frac{1}{4}$ (50)
$\sum_{k=1}^{+\infty}\sum_{i=1}^{0}(-1)^{i}$ ($t-t_{i}$ I $kT$) $=-\{(t-t_{i})(1-1+1-1+\ldots)$
$+$ $\frac{T}{2}($1-2+3-4+ $.$ . . $)$ $\}=-\frac{1}{2}(t-t_{i}-\frac{T}{4})$ (51)
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